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FREE-SPINNING-TUNNEL INVESTIGATION OF A 1/28-s&~ MODEL 

OF THE NORTH AMERICAN FJ-4 AIRPLANE 

WITH EXTERNAL FUEL TANKS* 

TED NO. NACA AD 3112 

By Frederick M. Healy 

SUMMARY 

A supplementary investigation to determine the effect of external 
fuel tanks on the spin and recovery characteristics of a l/28-scale model 
of the North American FJ-4 airplane has been conducted in the Langley 
20-foot free-spinning tunnel. The model had been extensively tested 
previously (NACA Research Memorandum SL38A29) and therefore only brief 
tests were made to evaluate the effect of tank installation. 

Erect spin tests of the model indicate that flat-type spins-are 
more prevalent with 200-gallon external fuel tanks than with tanks not 
installed. The recovery technique determined for spins without tanks, ~ 
rudder reversal to full against the spin accompanied by simultaneous 
movement of ailerons to full with the spin, is recommended for spins 
encountered with external tanks installed. If inverted spins are encoun- 
tered with external tanks installed, the 'tanks should be jettisoned and 

'recovery attempted by rudder reversal to full against the spin with 
ailerons maintained at neutral. 

INTRODUCTION 

At the request of the Bureau of Aeronautics, Department of the Navy, 
a supplementary investigation has been made of the spin and spin-recovery 

yitle, Unclassified. . 
.,' I 

‘. :’ ,/ 
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characteristics of a l/28-scale model of the North American FJ-4 airplane 
previously tested in the Langley 20-foot free-spinning tunnel and reported 
in reference 1. The North American FJ-4 is a jet-propelled, low swept- 
wing, single-seat fighter airplane. 

The effects of installing full 200-gallon external fuel tanks on the 
erect and inverted spin and recovery characteristics of the model, were 
investigated. 

: SYMBOLS 

,.’ b 

.c 

X/E 

m, 

S 
'. 
11, ,: : 1x9 IY, Iz 
,L' '_ 
4” 

Ix - IY 
'mb 2 

IY - Iz 

mb 2 

Iz - Ix 
mb 2 

air density, slug/cu ft P 

P 

wing s&n,' ft 

mean aerodynamic chord, in. 

ratio of distance'of center of gravity rearward of leading 
edge of mean aerodynamic chord to mean aerodynamic chord 

ratio of distance between center of gravity and fuselage 
reference line to mean aerodynamic chord (positive when 
center of gravity is below line) 1. 

,;. 
mass of airplane, slugs 

wing area, sq ft 

moments of inertia about X, Y, and Z body axes respectively, 
slug-ft2 

inertia yawing-moment parameter 

,inertia rolling-moment parameter 

inertia pitching-moment parameter 

relative density of airplane, gk 
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a angle between fuselage reference line and vertical (approxi- 
mately equal to absolute value of angle,of attack at plane 
of symmetry), deg 

@ angle between span axis and horizontal, deg 

v 

R' 

full-scale true rate of descent, ft/sec 

full-scale angular velocity about spin axis, rps 
',. 

MODEL AND TESTING TECHNIQUES 

I.,‘,,* 

d; 

, :,s 
/.* 

.‘, 
,. 
,, 

" The l/28-scale model of the North American FJ-4 airplane furnished 
by the Bureau of Aeronautics, Department of the Navy, was prepared for 
supplementary tests by the Langley Aeronautical',Lab,oratoryof 
Advisory Committee for Aeronautics. 

the National 
A three-view drawing of the model as 

tested with external fuel tanks installed is shown in figure.1. The 
dimensional characteristics :of the airplane are presented in table I. 

As indicated in reference 1, the longitudinal control system of the 
North American FJ-4 airplane includes both a' controllable horizontal 
stabilizer and elevators.' The elevators remain undeflected until the 
leading edge of the stabilizer is deflected ho downward; at the maximum 
stabilizer deflection of l&O (leading edge down),, the trailing edge of 
the elevators are deflected 15' upward (relative to the stabilizer). 
The rate of deflection of the elevators with respect to the deflection 
rate of stabilizer is approximately linear. 

)I The mass characteristics for the loadings of the airplane and for 
the loading tested on the model are presented in table II. For these 
tests the model was again ballasted to obtain dynamic similarity to the 
airplane at an altitude'of 30,000 feet (p = 0.000889 slug/cu ft). 

A remote-control mechanism was installed in the model to actuate 
the controls for the recovery attempts. Sufficient torque was exerted 
on the controls for the recovery attempts to reverse them fully and 
rapidly. 

The following normal maximum control deflections used on the model 
during the tests (measured perpendicular to the hinge lines) were the 
same as those for the original tests: 

Rudder deflection, deg .. .... . ...... 
Elevator deflection (with respect to horizontal 

27.5 right; 27.5 left 

tail),deg .......................... 15up 

W 
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Horizontal-tail deflection, deg . . . . . . . . . leading edge down 
6 leading edge up 

Aileron deflections, deg . . . . . . . . . . . . . . 20 up; 15 down 

:~ 
_1 

,. 

~’ 

General descriptions of model testing techniques, methods of inter- 
preting test results, and correlation between model and airplane results 
are presented in reference 2. 

The following techniques are included in the presentation of the 
data on the charts: 

For spins in which a model has a rate of descent in excess of that 
which can readily be obtained ,in the tunnel, the rate of descent is 
recorded as greater than the velocity at the time the model hit the 
safety net; for example, >300 feet per second, full scale. In such 
tests, the recoveries are attempted before the model reaches its final 
steeper attitude and while it is still descending in the tunnel. Such 
results are considered conservative; that is, recoveries are generally 
not as fast as when the model is in the final steeper attitude. For. 
recovery attempts in which the model. strikes the safety net while it 
was still in a spin, the recovery is recorded as greater than the num- 
ber'of turns from the time the controls were moved to the time the model 
struck the net, as >3. A >3 turn recovery, however, does not'necessarily, 
indicate an improvement over a >7 turn recovery. When a model recovers 
without control movement (rudder held with the spin); the results are, 

I recorded'as "no spin." : 

PRE&ION 

Results obtained from free-spinning tunnel tests are believed to 
'be true values given by models within the following limits: 

I 
a,degi..,.....................'.....'.. "1, 
#,deg.......:.................,..'... 91 
,V, percent . . . . . . . . . . _. . . . . . . . . . . . . . . . . . . +5 
R, percent L . . . . . . . . . . . . . * . . . . . . . ,. . .'. . . +l 
Turns for recovery obtained from motion-picture records . : . . . 

Turns for recovery obtained visually . . . . . . . . . '. . . . : . &$ 

The preceding limits may be exceeded for certain spins in which it 
is difficult to control the model inthe tunnel because of the high rate 
of descent or because of the wandering or oscillatory nature of the spin. 

, 
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The accuracy of measuring the weight and mass distribution of models 
is believed to be within the following limits: 

Weight, percent .......................... +l 
Center-of-gravity location, percent C ............... fl 
Moments of inertia, percent .................... 25 

Controls are set with an accuracy of &lo. 

RESULTS AND DISCUSSION. 

The results of the model tests are presented in charts 1 and 2. 
Spins to the pilot's right and left were similar, and the data are 
arbitrarily presented in terms of right spins. 

Erect Spins 

The results of tests with full 200-gallon external fuel tanks 
installed are presented in chart 1, together with results for a cor- 
responding wing-heavy loading from reference 1. 
presented in chart form, 

Additional tests, not. 
with empty tanks installed and with equivalent 

weights substituted to determine the aerodynamic effect of the tanks 
showed no significant difference in spin and recovery characteristics. 
The results with full external tanks are generally similar to the results 
without tanks from reference 1, except that in the tests without tanks 
two types of spin were obtained, a flat.spin with unsatisfactory recov- 
ery characteristics and a steep spin from which satisfactory recoveries 
were obtained. The present brief tests showed only the flatter-type 
spin. The increased prevalence of flat spins may possibly be attribut- 

,able to a slight .increase in,angiiLar velocity in the tests with external 
tanks. On the basis of the criterion spins (ref. 2), the erect-spin 
recovery characteristics of the model with tanks are considered unsatis- 
factory. However, the optimum control technique determined in reference 1 
(rudder full against and ailerons full,with the spin) is recommended for 
the airplane with tanks installed inasmuch as it appears that recoveries, 
at least from any steep spins‘encountered, should be obtainable by this 
method. Spin tests of the airplane conducted to date with and without 
external tanks have resulted in only the steeper-type spins from which 
satisfactory recoveries were obtained. Recovery techniques used during 
airplane spin tests were rudder full against the spin and lateral and 
longitudinal neutralization of the stick for tests with and without 
external stores. In addition, rudder reversal to two-thirds against the 
spin followed by brisk forward stick displacement was used for tests 
without stores: Reference 2 discusses the influence of such factors as 
scale effect and tunnel technique in causing differences which occasionally 
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occur between model results and results obtained during the actual air- 
plane spin tests. 

Inverted Spins 

The results of the inverted spin and recovery tests of the model 
are presented in chart 2. The order used for presenting the data for 
the inverted spins is different from that used for erect spins. Chart 2 
incorporates two control-setting diagrams. 
crossed" 

For each diagram, "controls 
for the established spin (right rudder pedal forward and stick 

to the left of the pilot for a spin to the right of the pilot) is pre- 
sented to the right of.the chart and "stick back" is presented at the 
bottom. When the controls are,crossed in the established spin, the 
lateral controls aid the rolling motion; when the controls are together, 
the lateral controls oppose the rolling motion. The angle $ and the 
elevator position in the chart are given as up or down relative.to the 
ground. 

',. I" 

.., 

The results of the inverted-spin tests with full 200-gallon external 
fuel tanks installed are presented in chart 2, together with results for 
a 'corresponding wing-heavy lo@@ from refekerice 1. Additional tests, 
not presented, in chart,form, with empty tanks installed and with equi- 
valent weights substituted to determine the aerodynamic effect of the 
tanks in inverted spins shoved no,significantdifference in spin and 
recovery characteristics. The spins *i&full external tanks installed , 
and the spins for a corresponding loading (from ref. 1) exhibit, similar 
trends with respect to aileron setting but indicate adverse effects on 
recoveries for some of the control dispositions investigated. If inverted 
spihs are encountered in this configut!atio& it is recommended that the 

~external tanks be jettisoned, if possible, and. recovery be attempted by 
rudder reversal to full against the'spin with ailerons maintained at 
neutral. 

SU'M&Y6FlUSULTS 

From a free-spinning tunnel investigation of a l/28-scale model of 
the North American FJ-4 airclane, the following summaryis considered 
applicable to the spin and recovery characteristics of the airplane at 
30,000 feet: 

1. The optimum recovery technique for erect spins of.the airplane-. 
with 200-gallon external fuel tanks installed is the same as that recom- 
mended when tanks were not installed; that is, 'simultaneous rudder 
reversal to full against the spin and aileron movement to full with the 
spin (stick full right, in a right spin). 
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2. If inverted spins are encountered with 200-gallon external fuel 
tanks installed, the tanks should be jettisoned and recovery attempted 
by full rudder reversal to against the spin with ailerons maintained at 
neutral. 

Langley Aeronautical Laboratory, 
National Advisory Committee for Aeronauti&, 

Langley Field, Va., July 23, 1958. 
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TABIZ I.- DIMNNSIONAL CHARACTERISTICS OF THE 

NORTH AMERICAN FJ-4 AIRPLANE 

Overall length, ft . . . . . . . . . . . . . . . . . . . . . 

wing: 
Span, ft ............ 1 ............ 6 
Area,sqft ....................... 
Root chord, in. .. 1 ............... T .. 
Tip chord, in. ...................... 
Mean aerodynamic chord, in. ......... .' ...... 
Distance from leading-edge,root chord to leading-edge ,mean 

aerodynamic chord, in. ....... % ......... 
Aspect ratio ....................... 
Taper ratio .............. .' ........ 
Sweepback of quarter-chord, deg .............. 
Dihedral, deg ...................... 
Incidence, deg: 

Root...........; ............... 
Tip ......... : ............ . .. . 

Airfoil section: 
. Root ....................... NACA 

Tip ......................... NACA 

Ailerons: 
Total area; rearward of hinge line, sq ft . ; ...... 
Span, each, percent b/2 .................. 
Chord, inboard, in. .................... 
Chord, outboard, in. ................... 

Horizontal tail: 
Span,ft .......................... 
Root chord, in. ....................... 
Tip chord, in. .............. F ....... .' 
Sweepback of quarter-chord,,deg .......... ; .. 
Dihedral, deg .. ; .... .'. ............. 
Nose to leading edge of horizontal tail at root; ft ... 
Airfoil section: 

Root ........................... 
Tip ...................... ..NAC A 

Vertical tail: 
Span, fuselage reference line to equivalent tip, ft ... 
Area, including dorsal, sq ft .............. 
Root chord, in. ..................... 
Chord at equivalent tip, in. ............... 
Sweepback of qusrter-chord, deg ............. 
Rudder area, rearward of hinge line, sq ft ........ 
Nose to leading edge of vertical tail at root, ft .... 
Airfoil section: 

Root ......... : ................ 
Tip ........................... 

. . . . 37.68 

. . . . 

. . . . 
114.42 . . . . 

. . . . 

. . . . 
78;6; 

. . . . O.;d 

. . . . 

. . . . . 335 

. . . . +1 

. . . . -3 

&A006 modified 
&A006 modified 

. . . . 30.34 

. . . . 36.40 

. . . . 30.06 

. . . . 21.29 

. . . . 13.16 

. . . . 61.33 

. . '. . g6.06 

. . . . 35 

. . ; . 

. . . . 29.608 ,' 

NACA 65AOO6 
~5&1o6 modified 

. . . d 8.55 

. . . . 9.09 

. . . . 76.50 

. . . . 20.072 

. L . . 

. . . . 5.z 

. . . . 27.33 

. . mx 65~006 

. . NACA 65~006 
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TABLE II.- M A S S  CRARACTERISTICS AND INERTIA PARAMETERS FOR THEi LOADINGS OF THE NORTH AMERICAN FJ-/+ 
E 

ul 

AIRPUIJE AND FOR LOADINGS TESTED ON TIIE l/28-SCALE MODEL 

@alues given are full scale,.and moments of inertia are given about the centm of gravity] 

Loading condition Center-of-gravity Relative density, Moments of inertta, 
location P slug-ft2 Mass parameters 

No. wing 
Weight, 

fuel 
External lb 

tanks 
Xfi zfi Sea 30,000 

level IX IY I2 
Ix - Iy Iy - Iz 

feet -- - 12 - Ix 
mb 2 mb2 mb2 

Airplane valubs 

1 None Off 15,809 0.228 -- 15.59 41.6P 11,307 26&2.. 35,110 -201.x 10-4 -116 x 10-4 317 x 10-4 

2 None E$lpty 16,209 .229 -_ 15.9j 42.70 -.12!374 26,557 36,165 -184 -125 309 

3 None Full 18.789 .226 -- 18.54 44.58 19,186 27,913 42,730 - 98 -166 264 

4 Full Off- 19,369 .250 -- 19.11 51.10. 4,923 26,2ti 38,590 -124 -134 258 

5 Full Empty 19,769 .252 -- 19.49 52.12, 15,986 26,364 39,758 -111 -43. 254 

6 ~~11 Full 22,769 .245 -- 22.44 60.02 22,789 27,724 46,357 - 46 -172 218 

Model values 

6 ~111 ~~11 
22,527 0.245 0.103 22.22 S9.42 22,537 28,642 44,920 -57 x lo-4 -152-x 10-4 209 x lo-4 

7 
Revised design 

combat gross 
weight 17,573 .a .074 17.33 46.35 18,297 25,446 40,633 -86 -182 268 
(ref. 1) 

6 
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OXART l.- gRBcT SPM &ND RBCO= CS,X.CTBRISTICS OF TBE FJ-4 W,DEL 

poor.ry rtt.mpted b,npia r.r.r..1 o* rudder to iull agtit the .pln .Icspt u lncliodsd (rsoover, *ttempts 
apin drta prmmntmd fop, ruddu4ull-tith spins); right nplm, axtmnal stores, sn4 model lo.ding u Mlo.t.d 

4 

l-m?, an* der.1opc.d 

NO sxtrrlld tinlrs (ohm-t 3 in rsr. 1) 
WO.hl ladinn 7 in t*blo II 

Full axtamal t.nks 
,eWod.l 1o.dln.u b in t.bls IT Od 

R 
447 ” >j) 1, >l 

J 

ii _ :eE 
293 *PP. 
333 O:3b - 371 0.35 - 

b ba 
b 

x, >z2 1&">1&"2 
1 .I :.. : 

ioIl.1 .alu.. 
OOnvle.*d to 
oorr*spcmllrlg 
full-mal9 ra1ws. 
u, lnn~Ulng"P 

-D izmrxingdolm 

vallrtaJ .piIi, rang. o* r.lw. girul 
h6wery l ttupiad by ~~tuuau rwawl oi rn.dd.r to full -t 

tb Bpin .nd m.mt of ailwon, to full "ith th. apin 
%wp ,p,n) r,.o..r, .tt.@m! b.ior. *,,,.I .+,titud. .+,t.,n.c, 
%ro apin oondlt:on .1.o~ob..m.Q rod*1 antsred r’.ylld. 
%luldaing Qlin 
iRwra’r l tt*vtmd br dmtltaxuoua rwmrml at ruddar to ‘43 a&nst 

th. lPln md mmmnt ot rlln'olu to 2/3 with th. apin 
Qt.m1*ra4 in 111 in.art.* dir. 
hsamd in 111 allWon *'on 
hmill~torJ md lmnd*rlng vin, rang. OF . ..ry .alU" glrul 
hfo oondlt&oru wsaiblm 
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CRART 2.- INVERTEU SPINaND RECOVWY CILJL\CTWETICS OF THS FJ-4 MODEL 

of rudder tc I-x11 .&at th. spin exospt .S 3.ndloat.d (r.ciV.ry .tt.iWt.d from, 
for, rudder-full-with aplnl); spins tc pilotta rlght.ext.rn.1 ator.. and mod.1 

Full sxt.rn.1 talks 
Model lauding 6 in table II, 

"Hod.1 .nt.r.d .n .r.ot div. 
bCmlll.tcrj .pln, r.ng. or v.lu.. given 
%.o_or.ry .+.t.n@.d b, rudder n.utr.lleation 
dR.oor.r.d in fm 
bYimal cb. d 

all.rcn roll 
,ation 

hod.1 .nt.r.d 01th~ . r.q .t..p .pin cr .n .ll.ron roll 
Obd.1 .r,t.r.d . .pln to th. pilot'. l.ft 
k-i.1 .t.r.d an lnr.rt.d div. 
illhipplq mdw.nd.riq apin 

h'wo oondltlolu pcmibl. 
kncd.1 .nt.r.d l r.rtiodl div. 
k..P Win, f.WX.P, .tt.mt.d b.im. tinal .ttitud. .tt.ia.$ 

No extsrnrl tanks (chart 6 in ref. 1) NO extsrnrl tanks (chart 6 in ref. 1) 
Mod.1 lh"di"8 7 in.t.bl. II 

FlYI. 

b,l;j bj. i: . . 1 

$8' ,_ 
No' 

-spin - 

cl = 
18 >4 

-1. 1 
2'5 _ 

No Spin 

.?b5 

$, ‘>6. 

1, 1 

1 

l!il >459 

1 >I 

u 
D 
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0. . 

C.0. . z . . 
. . . 

. . 
. . 

- 16.76” 

Rudder hinge line -v 

Figure l.- Three-view drawing of the 1/2&scale model, of the North 
American FJ-4 airplane with external fuel tanks. Center-of-gravity 
position indi,cated is for the loading with full wing f&l and full 
external tanks. 
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FREE-SPI~NING-TU INVESTIGATION 0F A i/28-SCALE MoDa 

OF THE NORTH AMERICAN FJ-4 AIRPLANE 

WITH EXTERNAL FUEL TANKS* 

TED NO. NACA AD 3112 
., 
By Frederick M. Healy 

ABSTRACT 

Results of an investigation in the Langley 20-foot free-spinning 
tunnel to determine the spin and recovery characteristics of the model ; 
are presented. Both erect and inverted spins were investigated with 
full 200-gallon external fuel tanks installed on the model. 
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